One contribution of 23 to a theme issue 'Salt in freshwaters: causes, ecological consequences and future prospects'.
Introduction
Small-forested streams are light-limited systems where decomposition of allochthonous leaf litter is the pivotal ecosystem-level process, encompassing recycling of terrestrially derived organic matter and energy transfer [1] . Microbial decomposers, mainly aquatic hyphomycetes (AHs), are intermediaries between the dominant food source in streams (leaf litter) and leaf consumers. Their crucial importance arises from efficient and species-specific enzymatic activities towards the cell wall's structural polysaccharides [2, 3] and from interactions among themselves and with other microorganisms, primarily with bacteria. Both decomposer groups shape detritus palatability to detritivores and its incorporation into secondary production [3, 4] . AHs are distributed globally and have been classified as having a predominantly ruderal life strategy [5] [6] [7] . They are adapted to large fluctuations in resource availability (allochthonous leaves) interpreted as disturbance [6] and make major investments in reproduction. Combining high levels of disturbance and stress is supposed to preclude a viable strategy for plants [5] ; ruderal fungi may overcome stress by surviving (as resistant mycelia) or escaping ( producing long-lasting spores or colonizing other resources) [6] . Stressors generally inhibit most members of a guild; in stressed environments, interspecies competition may therefore be less severe and antagonistic behaviour less beneficial [5] .
While clearly impacted, ecological functions of AHs are remarkably resilient in the face of adverse anthropogenic conditions (organic pollution, heavy metals, etc.; [8] ). Fungal responses to environmental stressors include changes in the diversity, identity, biomass and/or activity of leaf-associated fungal assemblages, which frequently affect the rate and efficacy of their ecological function [8] .
Salinization of streams and rivers is of global concern and is expected to intensify owing to climate change, growing water demand and other anthropogenic activities [9] [10] [11] [12] . Secondary salinization results from clearing of native vegetation, agricultural irrigation, rising groundwater, mining activity, industrial discharge or the use of highly soluble salts (sodium chloride, NaCl) as chemical deicing and anti-icing agents to maintain safe winter roadways [10, [13] [14] [15] [16] [17] . There is a general consensus that salinization has deleterious effects on stream structure and function [9, [18] [19] [20] [21] [22] . Previous studies have been biased towards assessing structure (species composition and diversity) and have largely focused on macroinvertebrate communities, while studies on the consequences of salt contamination for leaf litter decomposition have been limited [9, 10, 19, 22] . It seems clear that less abundant and species-impoverished communities of detritivores result in reduced leaf decay rates (e.g. [11, 14, [21] [22] [23] [24] [25] [26] [27] ). The effects of salinization on fungal degradation remain unclear and results have been contradictory. Existing information indicates that AHs generally have a high but species-specific tolerance of salt (NaCl), which ensures microbially mediated leaf degradation at much higher salt concentrations than values tolerated by most invertebrates [22, 27, 28] . Species-specific trade-offs between maintaining cellular integrity and vegetative growth versus reproduction may allow continued mycelial colonization at increasing salt concentrations by distinct, gradually impoverished and less effective AH communities. In fact, AH reproduction seems to be the most salt-sensitive parameter [22, 29, 30] , while biomass, microbial respiration/activity or microbial richness do not show consistent, monotonically declining responses, especially when compared with leaf mass loss [9, [19] [20] [21] [22] . Such discrepancies between decomposition and other measures of fungal performances have been attributed to different experimental approaches (e.g. microcosm, mesocosm or field) but also to abiotic (e.g. salt chemistry) and biotic factors [9, 14, 19, [29] [30] [31] .
AH responses in the presence of some stressors (e.g. metals) suggest differences in tolerance/resistance between conspecifics originating from non-stressed or stressed streams [32, 33] . Such changes have frequently been associated with diverging morphological traits, distinct growth behaviour and modified competitive interactions, which are all important modulators of fungal community structure and its ecological functions [32 -34] .
In an earlier study, Canhoto et al. [22] assessed the effects of an environmentally relevant range of salt additions (0, 2, 4, 8 and 16 g l 21 NaCl) on the behaviour of aquatic hyphomycetes species isolated from a reference stream. Results indicated that tolerant fungal assemblages composed of a few sporulating species were able to maintain decomposition of leaf litter at high (up to 2 g l 21 NaCl) salt levels. Based on these results, our main goal in the present study was directed at evaluating potential adaptive changes of fungal species. We used microcosms to investigate whether long-standing stream salinization affects leaf decomposition and related parameters (fungal biomass and sporulation rates) of resident strains (S, salinized stream) compared to reference strains (R) from a non-polluted stream. Pairs (S, R) of three AH species were chosen. We also assessed fungal colony morphology, growth rates and interactions between strains in reference and salted media. We expected fungal strains from the salted stream to perform better in a high salt microcosm than strains from a reference stream, and vice versa. Since adaptation to high salinity is likely to entail metabolic costs, we hypothesize that S strains exhibit a combination of reduced growth, sporulation or antagonistic behaviour. Finally, we tested the hypothesis that owing to functional redundancies, multispecies assemblages induce greater mass loss than individual species. [35] ). For all assemblages, reference (R; no added salt) and salted (S; 6 g l 21 NaCl added) conditions were used. A total of 48 microcosms were inoculated with different strains of the three AH species: six replicates were individually inoculated with each strain of the three AH species, and another 12 microcosms were inoculated with all three R or all three S strains. All treatments received the same total inoculum, based on a 12 mm agar plug for single cultures. In mixed cultures, the sizes of the plugs from the three strains were adjusted accordingly. All microcosms were incubated on orbital shakers at 120 rpm under a 12 L : 12 D photoperiod. After 7 days, nutrient solutions in all microcosms were renewed and agar plugs were removed. The medium was subsequently replaced every 48 h. After 21 days (sporulation peak according to the study of Graça et al. [36] ), discs from each microcosm were used to evaluate leaf mass loss, ergosterol concentration (as proxy of fungal biomass) and sporulation rates.
Dry mass loss (% DM) after incubation was estimated from the difference between initial and final leaf dry mass of the 20 discs from each microcosm.
To determine fungal biomass, ergosterol concentrations [37, 38] were measured from five leaf discs per microcosm. Discs were frozen, lyophilized and weighed. Ergosterol was then extracted and measured by liquid chromatography. Ergosterol concentrations were converted into fungal biomass using the conversion factor of 5.5 mg ergosterol per mg fungal rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 374: 20180018 dry mass [37] . The results were expressed as mg of fungal biomass per g of leaf disc dry mass.
For sporulation, five discs were placed on a shaker in 25 ml of the same medium after the end of the incubation period to induce sporulation for 48 h. Discs were dried and weighed, suspensions were collected and conidia were fixed with 2 ml of formalin (37%). To ensure even distribution of the conidia, the suspension was mixed with 100 ml of Triton X-100 (0.5%), an aliquot was filtered (Millipore SMWP filters, 5 mm pore size) and spores were stained with 0.05% cotton blue in lactic acid (60%). Spores released by each species in the various microcosms were counted under a microscope (250Â). Sporulation rates were expressed as the number of conidia produced per mg of leaf dry mass per day.
(b) Morphology and growth rate of R and S strains
Morphology and growth of the three fungal species were analysed by observing R and S strains on MEA: an agar plug (ø ¼ 4 mm) was cut from the edge of 14-day-old pure cultures and placed in the centre of Petri dishes with R and S MEA. In total, 36 Petri dishes were used: each strain of each species was exposed to both R and S medium, with three replicates for each treatment (three speciesÂtwo strainsÂtwo treatmentsÂthree replicates). The colony morphology was assessed visually in terms of colour, shape and growth. The diameter of each colony was measured every second day until one of the colonies grew to within 1 cm from the wall of the Petri dish. Radial growth rate was calculated as the slope of the linear regression obtained between the diameter of the colony and time, and expressed as mm d 
(c) Intraspecific and interspecific interactions
To evaluate intra-and interspecific interactions among AHs, one agar plug (ø ¼ 4 mm) from a pure culture of each strain (R, S) of the three AH species grown in R and S MEA medium was placed in a Petri dish, maintaining equal distances between agar plugs and the wall of the Petri dish.
Interactions, including paired and triplet groups, were investigated in both media (five replicates per treatment, table 1). The interaction was evaluated when one of the colonies was close to the edge of the Petri dish or when the interaction between mycelia was clear [32] . At that time, two distances from the centre of each colony of each Petri dish were measured: one to the edge of the colony towards the edge of the Petri dish (R 1 ) and the other towards the challenger strain (R 2 ). R 1 and R 2 were used to calculate the percentage inhibition of each strain by the opposing strain, using the formula [(R 1 2 R 2 )/R 1 ] Â 100 [39, 40] .
The type of interactions and categories were evaluated according to Yuen et al. [41] . These authors considered three general types of interaction: (i) mutual intermingling, including five categories without inhibition (category A: the hyphae of both species freely intermingle; B1 or E1: response or challenge species, respectively, overgrows the other; B2 or E2: response or challenge species, respectively, grows up or around the other), (ii) mutual inhibition at contact (C: when both response and challenge species grow until almost in contact and stop growing) and (iii) mutual inhibition at a distance (D: the inhibition of both response and challenge species occurs without contact). In addition, the index of antagonism (IA) was calculated for all interactions based on different assigned points for each category. The total number of interactions of each category that a particular strain exhibited in each medium was counted. The following formula was used:
, where the capital letters indicate the interaction type and n is the number of times that the strain exhibited this type of interaction.
(d) Statistical analysis
The effects of the three factors (species composition, four levels: three pure cultures and mixture of all three; strains, Table 1 . Experimental design of interactions test, including intra-and interspecific (in pairs and triplets) interactions between two strains (R, reference; S, saline) of three AH species-Heliscus lugdunensis (HELU), Tetracladium marchalianum (TEMA) and Flagellospora curta (FLCU) growing on MEA medium with (S, 6 g l 21 NaCl) or without added salt (R). medium interaction species strain species strain species strain reference and salted intraspecific (pairs) HELU R HELU R --
rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 374: 20180018 two levels; salt addition, two levels) on mass loss, fungal biomass and sporulation rate were analysed by a three-way ANOVA. To compare growth (linear extensions of colonies) among species, between strains and treatments, we used a repeated-measures ANOVA. Before using ANOVA, the Levene's variances homogeneity test was performed, and data were transformed when necessary. When significant statistical differences were found ( p , 0.05), Tukey's test was applied. Paired t-tests were used to compare the percentages of induced inhibition between opposing strains or species.
Results (a) Mass loss, fungal biomass and sporulation
Mass loss was significantly higher in media without added salt (three-way ANOVA, F ¼ 9.11, p ¼ 0.005; figure 1a). Neither species composition (F ¼ 1.98, p ¼ 0.137) nor the origin of fungal strains (R or S; F ¼ 0.30, p ¼ 0.585) had a significant effect, and none of the interactions between factors were significant (three-way ANOVA F . 0.10, p . 0.178).
Ergosterol build-up was also significantly reduced by salt addition (F ¼ 19.28; p , 0.005; figure 1b) . In HELU-S and Sporulation rates differed between species composition (F ¼ 42.48; p , 0.001) and strains (F ¼ 28.91; p , 0.001; figure 1c ), but were not affected by the presence of salt in the medium (F ¼ 0.98; p ¼ 0.33). Only the interactions between strains with each of the other factors separately were significant (F . 7.03; p , 0.005). Globally, S strains sporulated more profusely than the R strains (Tukey's test, p , 0.001). Sporulation rates were highest in FLCU in individual microcosms, followed by treatments inoculated with all three species and HELU individually, regardless of salt concentration in the medium (Tukey's test, p ¼ 0.55). TEMA released the lowest number of spores (Tukey's test, p , 0.001). Of the three species, only HELU showed significant differences between strains, with S releasing over three times the number of spores of the R strain in the salt concentrations corresponding to their origin (Tukey's test, p ¼ 0.02). Exposure to salt did not affect the R strain, which maintained a much lower sporulation rate than the S strain in the same medium (Tukey's test, p ¼ 0.001).
Mixed fungal assemblages did not show significant differences in total conidia production, either between strains or media (Tukey's test, p . 0.25; figure 1c ). All species strains were able to produce spores across treatments. However, the relative contribution of each species was differently affected by salt addition in the medium: without salt, the mixture of R strains was dominated by TEMA conidia (59%), followed by HELU (38%), while in the mixture of S strains FLCU contributed almost 63% of the spores; in the presence of salt, the reproductive output of HELU dominated, contributing 86 and 87% of the spores in the mixtures of R and S strains, respectively.
(b) Morphology and growth rate of R and S fungal species strains (i) Morphology
All species and strains formed circular colonies in both media, except FLCU-S strain that consistently had irregular boundaries (figure 2). The colour of fungal colonies on MEA varied considerably. The HELU-R strain was brown and opaque, and HELU-S white and translucent. Both TEMA strains were white and transparent, while FLCU-R colonies were opaque brown and FLCU-S translucid yellow. In summary, the shape and colour of strains of all three species were unaffected by the presence of salt in the medium.
(ii) Growth rate Growth was significantly affected by species composition, strain and salt concentration (factorial repeated-measures ANOVA, F ¼ 4788.60, 733.8, 2725.8, p , 0.001). All fungal strains grew significantly faster in the unsalted medium (Tukey's test, p , 0.001; figure 3) , with HELU growing fastest (Tukey's test, p , 0.001; figure 3) . In most cases, S strains grew faster, regardless of species or medium salt concentration (Tukey's test, p , 0.001; figure 3 ). HELU and FLCU behaved similarly, with both strains growing at the same rate when exposed to the original salt concentration. Where the S strain was stimulated in the absence of salt, the correspondending R strain was negatively affected by its 
(c) Interactions
In more than half of the tested interactions and independent of species, strains or number of colonies per Petri dish, 'mutual intermingling' was the dominant interaction type (table 2) . Mutual inhibition was less frequent and was observed at a distance (three cases) or when the mycelium of both colonies touched each other (mutual inhibition at contact; 11 cases).
(i) Intraspecific interactions
Reference medium. Interactions between the S and the R strain of each species were not highly aggressive-inhibition varied between 20.1 and 36.4% in reference medium-and no significant difference of inhibition occurred between the colonies (paired t-test, p . 0.05; table 2). In both cases, the type of interaction in HELU or TEMA was mutual intermingling (except in TEMA-S Â TEMA-S, which showed mutual inhibition at contact). FLCU intraspecific interactions indicated mutual inhibition upon contact.
Salt-rich medium. In the presence of salt, aggressiveness between the S and the R strain of each species was lower than in reference medium; however, the difference was not significant ( paired t-test, p . 0.17). Additionally, high salinity seems to inhibit intermingling between strain colonies, with growth ceasing as soon as they reached each other (HELU and TEMA) or even before contact.
(ii) Interspecific interactions
Reference medium. Significant growth inhibition occurred in all combinations of species, regardless of strain (paired t-test, p , 0.001). HELU colonies imposed an inhibition of 26.4-38.8% in all cases, except when S strain interacted with FLCU-S. In that case, the growth of HELU-S was inhibited by 30.6% and caused a 18.2% inhibition in its opponent (table 2). None of the TEMA or FLCU strains reacted significantly with each other (paired t-test, p . 0.256). In general, the triple interactions pattern was consistent with the results of pair combinations, with the exception of the inhibition between HELU-S and TEMA-S that was nullified in the presence of FLCU-S.
Salt-rich medium. Salt addition to the medium increased aggressiveness between fungal species of the same origin: HELU consistently inhibited all other species (between 31.4 and 38.9%; paired t-test, p , 0.001), and FLCU became more competitive when facing TEMA (paired t-test, p , 0.015). However, in the presence of salt, the response between species underwent some changes when all species were simultaneously exposed to each other (i.e. triplets): when all strains were from the salt-rich stream, there was no significant interaction (paired t-test, p . 0.063) and mycelium of each colony grew towards the other without inhibiting or being inhibited by the opposing colony. HELU-R consistently dominated the other two species. In this triple situation, no interaction occurred between TEMA-R and FLCU-R, and there was slight though non-significant mutual inhibition between the S strains before contact (paired t-test, p ¼ 0.307).
(iii) Antagonism index
The IA measures the ability of each fungal colony to compete and dominate opponents (figure 4).
Reference medium. Clear differences were registered among IA values of the three species in the reference medium (HELU .. FLCU . TEMA); there were no differences between S and R strains.
Salt-rich medium. Salt addition tends to standardize the competitiveness of all strains, except in the case of HELU-R that had IA values about 2Â higher than the other strains. Regardless of the strain's origin, all AHs (except HELU) became more antagonistic when exposed to salt, with TEMA strains having similar levels of antagonism to the other strains.
Discussion and conclusion
Overall, our results suggest that the direct impact of salinization on the ecological functions of AHs is relatively low. Nevertheless, salt contamination represents a stress on individual AHs, to which they are expected to respond by trade-offs between growth and reproduction and possibly antagonistic responses within fungal community competitors. Ecological functions are commonly related to the trophic roles of a species or a group of species [42] . Environmental conditions, e.g. the level rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 374: 20180018 Table 2 . Growth inhibition for interacting species and interaction type for each combination of two strains (R, reference; S, saline) of three AH species-Heliscus lugdunensis (HELU), Tetracladium marchalianum (TEMA) and Flagellospora curta (FLCU) growing on MEA medium with (S, 6 g l of anthropogenic stress, including nutrients, modulate the shape of this relationship [43, 44] . In a recent analysis, Baert et al. [45] conclude that the biodiversity effect is greatest at a low-to-intermediate level of stress. The salinity level in our study was high; the thresholds at which biological communities are significantly affected by salinity are relatively low at between 1 and 2 g l 21 according to different authors [24, 46] . Compared with invertebrates, algae or macrophytes, AHs are remarkably resilient. At 6 g l
21
, leaf decomposition rates owing to pure fungal cultures declined by an average of 21% and fungal biomass by 15% ( figure 1) . By contrast, release of conidia (which might benefit filter-feeders; [47] ) was not affected (figure 1).
Contrary to our expectations, the S fungal strains were not more effective in salt-rich media than their reference counterparts, either alone or in combination. These results tend to corroborate previous findings that indicate that all tested species (HELU, TEMA and FLCU) naturally tolerate high levels of salt [22] , and suggest that no genetic degradative advantage in terms of superior degradation potential or biomass accumulation was acquired by strains in the salinized stream. A reduction in mass loss was consistently associated with lower fungal biomass concentrations in leaves, colonized by S or R strain communities, in salt-rich media. This supports a fungal-mediated, strain-independent, effect of salinity on leaf degradation. Such results are in agreement with previous studies reporting an overall negative relationship between salt addition to the stream, leaf mass loss and/or associated fungal biomass (e.g. [9,18 -22] ).
Conidial production was not affected by salinization. This was surprising considering the generally high sensitivity of fungal reproductive output to stressors [48] [49] [50] , including salt [22, 29, 30] . Here, it seems that the total sporulation rate variability was most probably related to species identity and origin: in microcosms inoculated with individual strains, FLCU had the highest sporulation rate. The halotolerance and high sporulating capacity of FLCU-R, in reference to salt-rich media (up to 8 g l
), were previously reported by Canhoto et al. [22] . Overall, S strains tended to release more conidia than R strains, singly or in mixtures. In fact, a general tendency to produce more spores paralleled a (non-significant) reduction in biomass in most S strains in the salinized (versus reference) media treatment. If confirmed, this might indicate that in salt-rich environments, these strains tend to guarantee reproduction and dispersal rather than mycelial growth. This contrasts with the growth versus reproduction trade-off previously found in R species grown in NaCl-rich medium [22] .
The total number of spores produced by the two mixed assemblages was not different, which indicates that the origin of strains had no effect. Ferreira et al. [34] observed the same response by another three AH species from a reference and a metal-contaminated stream inoculated on alder leaves in microcosms. However, while dominated by the same species, HELU, overall evenness in the two fungal assemblages differed between salt treatments. When present in colonized leaves, this species frequently exhibits high resilience, being one of the most profusely sporulating aquatic fungi, regardless of identities of co-occurring fungi or environmental stressors [49, 51] .
The degradative capacity of the multispecies assemblage did not differ significantly from those of single species cultures, regardless of salt exposure. This lack of diversity effect suggests considerable functional redundancy among the tested AH species [52] . Assuming that species-specific conidial production is a reliable indicator of fungal activity on leaves, the fact that reduced sporulation of some strains (TEMA, FLCU) in salt-rich medium was compensated for by the more tolerant HELU [24] reflects a change of their relative contributions to leaf decomposition. This follows the pattern observed in other stream microcosms assessing leaf decomposition under different stressors [50, 51, [53] [54] [55] . AH colonies differed in shape and/or pigmentation among species and, within each species, between strains; the presence of salt seems to induce phenotypic changes in the colonies (i.e. pigmentation), suggesting that potential tolerance of contamination was translated, as frequently observed, into morphological vegetative differences [32, 56] .
Exposure to salt clearly inhibited growth of all strains ( figure 3 ). This suggests that coping with salt diverts some energy from growth. Previous studies in terrestrial [57] and aquatic environments suggest that this may involve the synthesis of osmoprotective compounds [22] , such as polyols [58, 59] , which are able to stabilize cellular protein function and to regulate and possibly detoxify high concentrations of saline intracellular macromolecules [60 -62] . The higher growth rates observed in most S (over R) strains in salinized medium point to possible metabolic adaptations to deal with osmotic stress triggered by salt.
In salt-enriched medium, intraspecific interactions tended to be weaker, while among interspecific strains, antagonism and aggressiveness were accentuated. This contradicts our hypothesis that in stressed environments, interspecific competition is weakened and mutual inhibition less beneficial. It remains to be seen if the observed pattern favours intraspecific gene flow [40] and shifts the interspecific competitive balance. In our study, AH antagonisms are strain-specific but dependent on the number of species involved and vary in intensity with salt level. HELU was the most antagonistic species, particularly the S strain in reference conditions. Although some studies claim stronger allelopathic interactions for TEMA than for HELU, a clear inhibitory activity of this latter towards other AH species was previously recognized [40, 63] . This trait, combined with high growth rates, may be responsible for its dominance in both mixed assemblages in the decomposition test (S medium). While the importance of competition for AH succession and community structure in salinized environments seems clear (see [32, 39, 64] ), our results also underline its unpredictability under natural conditions. Overall, our results corroborate the hypothesis that AHs are highly halotolerant [22] , which may largely guarantee leaf litter processing in temporary or historically salt-contaminated streams. We hypothesize that different strategies will be adopted by communities exposed to temporary versus longterm exposures: temporary/discrete exposure to salt (R strains) may favour investment in mycelial integrity and growth, while extended exposure may trigger physiological adjustments that continue to safeguard cellular viability, but also provide energy for conidium production. Both strategies may result in continued fungal ecological functions that guarantee leaf decomposition across a wide range of salinities. Considering the importance of resource quality for conidia settlement [65] , intensity of fungal interactions [39] , mycelial invasiveness [66] and degradative potential and growth [3] , it seems reasonable to assume that the rates of the proposed strategies might be dependent on the traits (stoichiometry included; [67] ) of the available leaf material provided by the riparian areas. This seems particularly relevant for fungal communities from salinized streams that may have lower assimilation capacity of phosphorus from the environment [21, 68] ; in this case, leaf litter quality will likely have a crucial role in compensating for such limitation and guaranteeing mycelial growth [67, 69] .
The present study shows that changes in fungal communities in streams subjected to salt contamination may, to some extent, be predicted from species-specific salt tolerances [22] and from changing interspecific competitive interactions. These changes may affect fungal succession and reduce diversity. The functional redundancy among fungal species is expected to ensure a continued high level of microbial decomposition under saline conditions. Nevertheless, nutrient transfer to the surviving salttolerant detritus-feeding invertebrates may be compromised by the disappearance of less tolerant aquatic hyphomycete species. While fungal colonization generally enhances palatability and nutritional value of leaf litter to shredders, these consumers often discriminate among specific fungal taxa or fungal associations [3, 4] . The partial or complete loss of some fungi could therefore result in cascading effects through stream food webs in salt-contaminated streams, which may ultimately compromise vital ecosystem goods and services. More studies will be needed to clarify the importance of direct and indirect toxicity effects of salt on freshwater organisms (including physiological and behavioural tests) and under different environmental rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 374: 20180018 scenarios such as drought owing to its close relationship with salinization under global warming. In conclusion, the consequences of salinization in donor-controlled streams are far from clear and difficult to establish considering different contamination patterns-persistent or temporary (e.g. pulsed or chronic; [19] )-and the relationships with local biotic and abiotic conditions [21, 28, 70] . Multiple stressors associated with agriculturalization of forested riparian areas, urbanization or global change are superimposed confounding factors that hinder evaluation but confer urgency to investigate the effects of salt contamination in streams.
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